We present an analysis of the Qatar-1 and TrES-5 transiting exoplanetary systems, which contain Jupiter-like planets on short-period orbits around K-dwarf stars. Our data comprise a total of 20 transit light curves obtained using five medium-class telescopes, operated using the defocussing technique. The average precision we reach in all our data is RMS Q = 1.1 mmag for Qatar-1 (V = 12.8) and RMS T = 1.0 mmag for TrES-5 (V = 13.7). We use these data to refine the orbital ephemeris, photometric parameters, and measured physical properties of the two systems. One transit event for each object was observed simultaneously in three passbands (gri) using the BUSCA imager. The QES survey light curve of Qatar-1 has a clear sinusoidal variation on a period of P ⋆ = 23.697 ± 0.123 d, implying significant starspot activity. We searched for starspot crossing events in our light curves, but did not find clear evidence in any of the new datasets. The planet in the Qatar-1 system did not transit the active latitudes on the surfaces of its host star. Under the assumption that P ⋆ corresponds to the rotation period of Qatar-1 A, the rotational velocity of this star is very close to the v sin i ⋆ value found from observations of the Rossiter-McLaughlin effect. The low projected orbital obliquity found in this system thus implies a low absolute orbital obliquity, which is also a necessary condition for the transit chord of the planet to avoid active latitudes on the stellar surface.
INTRODUCTION
Ground-based photometric surveys have found a large number of transiting planets, possessing a huge diversity in their physical and orbital properties. The precise characterisation of these objects is a challenge as it requires high-quality data, both photometric and spectroscopic. The main limitation to our understanding of most transiting planets is due to the quality of the transit light curve, which is critical in determining the properties of both the planets and their host stars (Southworth 2008 ). In this work we present follow-up photometry of two transiting ⋆ E-mail: dmislis@qf.org.qa planets orbiting cool stars -Qatar-1 b and TrES-5 b -aimed at improving measurements of their physical properties but also investigating the spot activity of their host stars. Our new data allow a significant improvement in our understanding of both systems, and, in the case of TrES-5, form the basis of the first study of the system since the discovery paper. Qatar-1 b was discovered by Alsubai et al. (2011) , and was the first planet found by the Qatar Exoplanet Survey (QES), an exoplanet transit survey focused on hot Jupiters and hot Neptunes via the transit method (Alsubai et al. 2013 ). The transiting planet TrES-5 b was discovered shortly afterwards (Mandushev et al. 2011 ) using observations by the TrES survey (Alonso et al. 2004 ). The Qatar-1 and TrES-5 systems are notably similar in terms of orbital period (1.4- = 0.20), and the planetary radius (∼1.2 R Jup ) and equilibrium temperature (1400-1500 K). Qatar-1 has subsequently been studied by Covino et al. (2013) , who found a sky-propjected orbital obliquity consistent with axial alignment, and by von Essen et al. (2013) , who found indications of transit timing variations (TTVs) in this system. No studies of TrES-5 have been published since its discovery paper (Mandushev et al. 2011) . The possibility to observe occulted starspots during planetarytransit events opens new opportunities in the understanding of stars in general and planetary systems in particular. Those spots which are occulted by the planet manifest themselves as a small increase in flux during transit, which can be modelled to obtain the spot size, position and temperature (e.g. Mancini et al. 2014) . Multiple observations of the same spot during different transits can yield the orbital obliquity of the system (Nutzman et al. 2011; Sanchis-Ojeda et al. 2011 ) to a significantly higher precision than achievable via the Rossiter-McLaughlin effect (Tregloan-Reed et al. 2013) . The wavelength dependence of the amplitude of the unocculted starspots can mimic changes in the apparent radius of transiting planets as a function of wavelength (Pont et al. 2013; Oshagh et al. 2014) . In this work we present high-precision photometric observations of Qatar-1 and TrES-5, and use them to get more accurate measurements of the physical parameters of the systems. Some of our data were obtained in multiple passbands simultaneously, but we find no evidence for spot crossings in these data. We do, however, find strong evidence that the Qatar-1 A is a spotted star from the longterm light curve of the system.
OBSERVATIONS AND DATA REDUCTION
Our observations were obtained using five medium-size telescopes equipped with imaging instruments, and operated out of focus (see ). A summary of the observations is given in Table 1 . The data were reduced using the DEFOT pipeline from Southworth et al. ( , 2014 . This pipeline was used to debias and flat-field the data, then perform aperture photometry on the target and all possible comparison stars. The radii of the software apertures (target, inner sky, outer sky) for each dataset were chosen to give the lowest scatter in the final light curve. The final light curve was constructed by calculating differential magnitudes versus a weighted set of comparison stars. The weights were optimised simultaneously with the coefficients of a low-order polynomial of magnitude versus time, in order to rectify the light curve to zero differential magnitude and minimise the scatter of the data obtained outside transit.
The data were reduced using the method and the DEFOT pipeline from Southworth et al. ( , 2014 .
A total of 11 transits were observed using the 1.23 m telescope at Centro Astronómico Hispano-Alemán (CAHA). This uses a 2048 × 2048 pixel CCD camera with a plate scale of 0.32
and has a 21.5 ′ × 21.5 ′ field of view with the default BVRI filters. Ten of the transits were obtained through a Cousins R filter and the last through a Cousins I filter. The first three transits were already presented in the study by Covino et al. (2013) but were re-reduced for the current work.
One transit each of Qatar-1 and TrES-5 was observed using the CAHA 2.2 m telescope equipped with the BUSCA instrument. This obtains CCD images of a 5.8
′ diameter field of view simultaneously in four optical passbands, split by dichroic elements. Each of the four CCDs has 4096 × 4096 pixels and is operated using 2×2 binning. For both transits we obtained useful data in the ThuanGunn g, r and i passbands. The data taken through the Strömgren u filter were discarded due to high scatter: both objects are comparatively faint (V = 12.8 for Qatar-1 and V = 13.7 for TrES-5) and cool so have very low flux levels in this passband.
One transit of Qatar-1 was monitored with the 1.0 m telescope (T100) at TÜBİTAK National Observatory (TUG) in Turkey, equipped with a 4096 × 4096 pixel CCD with a field of view of 21.5 ′ × 21.5 ′ . The transit was observed through a Cousins R filter. One transit of TrES-5 was obtained using the 2.5 m Isaac Newton Telescope (INT) at La Palma, Spain, and the Wide Field Camera (WFC). This is a mosaic of four CCDs of which we used only CCD4, to avoid possible systematic errors and calibration issues resulting from the use of multiple CCDs in the mosaic. This CCD has 2048 × 4096 pixels, giving a field of view of 11.3 ′ × 22.5 ′ , and a Cousins I filter was selected.
Finally, a transit of TrES-5 was observed using the Cassini 1.52 m telescope at Bologna Astronomical Observatory, Loiano, Italy. The BFOSC instrument was used in imaging mode, with a Thuan-Gunn r filter. The 1024 × 1024 pixels CCD provided a field of view of 13 ′ × 12.6 ′ at 0.58 ′′ per pixel.
TRANSIT ANALYSIS
Each transit light curve was modelled with the JKTEBOP code to extract measurements of its photometric parameters. The object size parameters in JKTEBOP are the fractional radii of the star and the planet (r A and r b ), which are the ratios between the true radii and the semimajor axis (r A,b =
). The fitted parameters were the sum of the fractional radii (r A + r b ), the ratio of the radii (k =
), the orbital inclination (i), and a reference time of mid-transit. We assumed an orbital eccentricity of zero for both objects based on previous studies (Covino et al. 2013; Mandushev et al. 2011 ). Limb darkening was applied using the quadratic law, with coeffi- 
Qatar-1
For Qatar-1, we collected 12 light curves in total (see Fig. 1 ). We fit each of the datasets individually, obtaining the parameter values given in Table 2 . The parameter values in Table 2 were combined into weighted means for the determination of the physical properties of the system (see below). We then fitted the T 0 values with a straight line versus cycle number to determine the orbital ephemeris. The uncertainties were obtained using 1000 Monte Carlo simulations. The resulting ephemeris is:
where T 0 is the transit mid-time, E is the cycle number and the bracketed quantities give the uncertainty in the final digit of the preceding number. All times in our analysis were converted to Barycentric Julian Day (BJD/TDB). We supplemented our T 0 values with data from the literature and searched for TTVs. We included timings from the ETD amateur database 1 with quality higher than 3. We fit a linear function to T 0 and then removed the linear trend. (2013) found evidence for TTVs in Qatar-1 but we need further and more precise data in order to analyse this scenario in detail.
Multi-band photometry of Qatar-1
The BUSCA light curves were obtained simultaneously in three filters using the same telescope and instrument, so are useful for investigating the possible presence of starspots. Fig. 3 shows the three light curves overplotted. Whilst there are suggestions of starspots in the g and r data, these are close to the level of the noise so their existence is not proven. This transit was also monitored using the CAHA 1.23 m telescope (first dataset in Fig. 1 ), and these data do not confirm the presence of any starspots.
Whilst we have no clear detection of starspots via occultation 1 http://var2.astro.cz/ETD/ during transit, spots are a common phenomenon on the surfaces of K-type dwarfs. They can cause brightness modulation at the rotational period (and/or its submultiples) of the star. We used the discovery light curves from QES (Alsubai et al. 2011) , which span 380 days, to search for stellar variability. A Lomb-Scargle periodogram of the data shows a clear detection of sinusoidal modulation at a period of P ⋆ = 23.697 ± 0.123 d (Fig. 4) , which we take to be the rotational period of the star. The implied stellar rotation velocity of v = 1.76 km s −1 is fully consistent with the value of v sin i ⋆ = 1.7 ± 0.3 km s −1 found by Covino et al. (2013) from the Rossiter-McLaughlin effect. This in turn indicates that the inclination of the stellar rotation axis, i ⋆ , is close to 90
• , so the true orbital obliquity of the system is close to the measured value of the projected orbital obliquity found by Covino et al. (2013) .
TrES-5b
The analysis of our eight light curves of TrES-5 followed the same steps as for Qatar-1 above. The best-fitting photometric parameters are given in Table 3 and the best fits are plotted in Fig. 5 . The parameter values in Table 3 were combined into weighted means for the determination of the physical properties of the system (see 
As with Qatar-1, we added T 0 measurements from the ETD database (again using only those with qualities higher than 3) and formed the O − C diagram (Fig. 6) . The best-fitting ephemeris has χ 2 red = 7.15, which a factor of ten lower than that for Qatar-1. This χ 2 red indicates either that the linear ephemeris is a poor representation of the data or that the errorbars of many of the T 0 values are underestimated. As with Qatar-1, further data are needed to investigate this situation and to provide clear evidence (or otherwise) of the presence of TTVs in this system.
The multi-band data from BUSCA are shown in Fig. 7 , and contain no clear evidence of starspot occultations. The data during totality (between 2nd and 3rd contact) are rather noisy so are not good indicators of the presence of starspots. This is at least partly 265.7 ± 3.5 1 339.8 ± 10.4 2 due to the relative faintness of TrES-5 (V = 13.7), at least for a 2-m class telescope equipped with an instrument containing many optical elements.
PHYSICAL PROPERTIES
We determined the physical properties of the two systems from the light curve fits (the weighted means in Tables 2 and 3) , from the spectroscopic measurements of host star's atmospheric properties, and from the tabulated predictions of five different sets of theoretical stellar evolutionary models. The values of r A , r b and i in Tables  2 and 3 were combined according to their weighted mean, inflating the resulting errorbars to enforce χ 2 ν = 1.0 for each quantity. The spectroscopic measurements of the stellar effective temperature (T eff ), metallicity For each target we began by estimating a value for the velocity amplitude of the planet, K b , allowing us to calculate a set of physical properties for the system using standard formulae. The value of K b was then iteratively refined to maximise the agreement between the observed and predicted T eff , and the measured r A and predicted R A a . Finally, the full procedure was undertaken using each of the five sets of stellar model predictions. For both objects we assumed a circular orbit, based on the conclusions of Covino et al. (2013) and Mandushev et al. (2011) . We used the set of physical constants given by Southworth (2011) .
The uncertainties on the input parameters were propagated through the analysis using a perturbation approach, and added in quadrature to give the final random error. A systematic errorbar was also estimated based on the interagreement between the results obtained using each of the five different model sets. Table 5 gives our final physical properties, random errorbars for all quantities, and systematic errorbars for those results which depend on stellar theory.
Also, only for Qatar-1A, we were able to calculate the stellar rotation period. Thus, we can use gyrochronology model to estimate stellar the age of Qatar-1b host star. Using the model from Barnes (2007) and stellar rotation period 23.697 days and B-V=1.06, we estimate the age of Qatar-1A τ g = 1.1865 ± 0.47 Gyr.
Our final results for Qatar-1 are in good agreement with published studies (Alsubai et al. 2011; Covino et al. 2013) , and yield a significant improvement in precision. In the case of TrES-5 we agree with the findings of Mandushev et al. (2011) but do not obtain significantly smaller errorbars. This is because we account for systematic errors whereas Mandushev et al. (2011) do not, and also because the errors estimated by Mandushev et al. (2011) appear to be too small (for example they claim that the orbital in- Mandushev et al. (2011) because they are based on a larger and more precise dataset, and because our errorbars have been more robustly calculated.
RESULTS AND CONCLUSIONS
We present extensive optical photometry of transit events in two extrasolar planetary systems with K-dwarf host stars. Our data comprise 12 light curves of Qatar-1 and eight light curves of TrES-5. These data include simultaneous observations in three passbands of one transit for each object. We use thse data to search for starspot crossing events during transit, with a negative result. We do, however, measure the rotational period of P ⋆ = 23.697 ± 0.123 d for Qatar-1 A from the survey photometry in its discovery paper, showing that this does display spot activity. The corresponding rotational velocity is close to the v sin i ⋆ value measured from an observation of the Rossiter-McLaughlin effect in this system, so its low projected orbital obliquity also implies a low true orbital obliquity. The lack of observed spot crossings may be due to the planets crossing latitudes of the stars which show low spot activity, i.e. the planetary chords miss the active latitudes of the stellar surfaces. We use our data to measure the photometric parameters of both systems. When combined with published spectroscopic quantities, these yield precise measurements of the full physical properties of the systems. Qatar-1 and TrES-5 have notable similarities in their respective stellar properties, and planetary equilibrium temperature, radius and density. Our results also yield refined measurements of the orbital ephemerides of the systems. 
